Background: Although efforts to improve access to care for patients with cleft lip in the developing world have grown tremendously, there is a dearth of data regarding aesthetic outcomes after cleft lip repairs in this setting. Defining severity-outcome relationships has the potential to improve efficiency of care delivery in resourcelimited settings, and to improve overall results. In this study, we investigate the relationship between initial cleft lip severity and early aesthetic outcomes following surgical repair of primary unilateral cleft lip. Methods: Using previously validated tools to assess unilateral cleft lip severity and aesthetic outcome after repair, we evaluated 1,823 consecutive patients who underwent primary unilateral cleft lip/nose (UCL/N) repair. Three separate evaluators scored each case for a total of 5,469 total independent evaluations. Results: Our results show that with increasing severity of UCL/N deformity, there is a corresponding decrease in early aesthetic outcome scores. Using our results, we established normative early aesthetic outcomes following repair for each severity grade of UCL/N deformity.
INTRODUCTION
The central element of the overall outcome after cleft lip repair is the aesthetic appearance of the lip and nose. Oral clefts are among the most common craniofacial anomalies worldwide, yet there is relatively little evidence on aesthetic results after unilateral cleft lip repair. Severity of the primary unilateral cleft lip/nose deformity (UCL/N) is postulated to play a key role in aesthetic results after surgery, but this remains controversial in the literature with conflicting reports involving small sample sizes. [1] [2] [3] [4] [5] [6] Defining severity-outcome relationships has the potential to improve efficiency of care delivery in resourcelimited settings, and to improve overall results. Surgeons and techniques achieving the best results for each severity phenotype can be identified and analyzed to determine best practices across the cleft spectrum.
In this study, we investigate the relationship between initial cleft lip severity and early aesthetic outcomes following surgical repair. Using previously validated indices for cleft lip severity and aesthetic outcome, 7, 8 we evaluated the relative prevalence of varying severities of cleft lip deformity, as well as the range of outcomes associated with each level of severity. To our knowledge, this is the largest study of its kind to review aesthetic results after primary UCL/N repair. One thousand eight hundred twenty-three consecutive patients undergoing primary UCL/N repair received evaluations of preoperative cleft severity and early postoperative aesthetic outcome. Three separate evaluators scored each case for a total of 5,469 total independent evaluations.
The goals of this study are:
1.) To examine the implementation of a large-scale evaluation of aesthetic outcomes after primary UCL/N repair, utilizing validated evaluation tools. 2.) To define the distribution of aesthetic results according to initial cleft severity. 3.) To investigate the influence of initial cleft severity on early aesthetic outcomes.
METHODS
This retrospective analysis includes 1,823 patients with primary UCL/N deformity presenting to Operation Smile for repair. Secondary cases were excluded from this study. Eight hundred study subjects were drawn from patients treated at the Guwahati Comprehensive Cleft Care Center in Assam, India, between May 2011 and March, 2014. One thousand twenty-three study subjects were drawn from patients receiving surgery at 39 separate Operation Smile mission sites in 18 countries between March 2015 and May 2017 ( Table 1) .
Subjects
This retrospective review gathered key patient demographics, as well as immediate preoperative and postoperative photographs. Photographs were de-identified, cropped to minimize the portion of the face not affected by the cleft, and formatted to be of uniform length and width. All patients' parents or guardians signed an informed consent allowing for the use of their medical records and photographs.
Assessment
Preoperative cleft severity was graded utilizing the Unilateral Cleft Lip Severity Index (UCL CSI). This assessment tool is based on defined guidelines that evaluate the overall appearance of the primary deformity, and separates patients into 4 categories according to the progressive degree of lip and nose involvement ( 
Evaluators
All cases were reviewed and graded by 3 separate layperson evaluators, as recommended by prior validation studies. Eighteen evaluators were recruited from the institutions of the authors. Eleven evaluators were dental students at the Mahatma Gandhi Mission Dental College and Hospital in Navi Mumbai, India, and 7 evaluators were general physicians working in Cartagena, Colombia. Written and video instructions on how to use the UCL CSI and UCL SOE were provided to all evaluators, and a 2-hour teaching session was provided to describe the scale and perform practice cases. Three separate evaluators were provided with frontal and basal photo- 
Data Analysis
All data were tabulated using Microsoft Excel (Microsoft, Redmond, Wash.), and statistical analyses were performed using SPSS 20 (IBM, Armonk, N.Y.). For cleft severity, the mode (most frequent) score of the 3 evaluations of an individual case was reported as the final cleft severity for that case. For aesthetic outcome, the average (mean) score of the 3 evaluations of an individual case was calculated and reported as the final aesthetic outcome score for that case. Cases were then separated into 4 groups according to cleft severity, and the mean and SD were calculated for each group. Homogeneity of variances was violated, as assessed by Levene's Test of Homogeneity of Variances (P < 0.0005). Thus, differences in means were evaluated using Welch's analysis of variance, with Games-Howell post hoc analyses performed to analyze differences between each group.
RESULTS
The distribution of unilateral cleft lip patients according to cleft severity is shown in Figure 3 . Fifty-six percentage of patients presented with incomplete clefts (grade 1 and grade 2) and 44% presented with complete clefts (grade 3 and grade 4). With incomplete cleft lips, the more severe phenotype (grade 2) is more than twice as common as mild incomplete cleft lips (grade 1). For complete clefts of the lip, the more severe phenotype (grade 4) likewise dominates over the less severe (grade 3), in a similar ratio.
The distribution of aesthetic outcome scores according to initial cleft severity are presented in Table 2 and Figure 4 . The results demonstrate that as severity of the initial UCL/N deformity worsens, the aesthetic outcome score likewise worsens, and with a wider distribution of results (P < 0.0005). For grades 1, 2, and 3, there was a statistically significant decrease in average outcome score with each increase in the grade of severity (P < 0.0005). Grade 4 patients had significantly lower scores compared with grades 1 and 2 (P < 0.0005). Scores for grade 4 patients tended to be lower than for grade 3 patients, but this did not reach statistical significance ( Table 2 ).
Results also demonstrate that attaining a "perfect" or "near perfect" score (total averaged aesthetic outcome score of 7.00-8.00) becomes much less frequent as cleft severity increases, dropping from 57% of cases for severity grade 1 to 17% of cases for severity grade 4 ( Fig. 5 ).
Table 2. List of Average Aesthetic Outcome Scores for Each Grade of Cleft Lip Severity and Comparison of Means across Severity Grades

DISCUSSION
Many techniques and protocols exist in cleft surgery, and there is a central need for institutions, hospitals, organizations, and individuals involved in cleft care to systematically measure and compare outcomes to guide best practices. Assessment of the appearance of the cleftrelated deformity and the impact of surgical treatment is critical to the quality of life for this patient pool. However, limitations of reliable, valid, and meaningful ways of measuring preoperative severity and postoperative aesthetic results have historically inhibited our ability to determine the best strategies for treatment.
The UCL CSI and UCL SOE were validated and published in 2017, and shown to be intuitive, easy to apply, and reliable for use by surgeons and laypersons. This study successfully implements these tools to systematically analyze aesthetic results after primary UCL/N repair in a large cohort of 1,823 patients. Three separate trained layperson evaluators reviewed all cases for a total of 5,469 total independent evaluations of initial cleft severity and final aesthetic outcome.
Perhaps most importantly, this study demonstrates that large-scale outcomes analysis after cleft lip repair is now possible in a manner that is simple, reproducible, relevant, and surgically applicable. Our experience also shows that it is time and cost effective to utilize layperson evaluators. Prior studies, including validation studies for the UCL CSI and UCL SOE, have generally found that surgeon and layperson rankings of pre-and postoperative cleft patients are consistent with good inter-and intrarater reliability. [7] [8] [9] [10] [11] In this study, layperson evaluators were provided minor but meaningful monetary compensation (USD $10 per 50 cases). This incentivized them to complete evaluations quickly, generally within 1 week of receiving the cases. The total cost of for completing aesthetic outcomes evaluations of 1,823 patients in this study (5,469 evaluations) was USD $1,093.80 ($0.60 per patient). This is the largest study of its kind, and the first published report to present normative distributions of aesthetic outcome scores after primary UCL/N repair controlled for initial cleft severity. These distribution curves now define a standard of "expected" aesthetic results after primary UCL/N repair. The distribution of aesthetic outcomes according to cleft severity clearly shows that aesthetic results worsen as cleft severity increases, with results more widely distributed and less predictable. It becomes increasingly less frequent for surgeons to achieve "perfect" or "near perfect" results (averaged aesthetic outcome score 7.00-8.00) for more severe clefts, and there are larger numbers of scores at the lower end of the distribution curves for more severe cases.
Although it is less common for surgeons to achieve "perfect" or "near perfect" results for more severe clefts, it is possible. Even among the most severe clefts (grade 4) in this series, 17% of postoperative results were scored as "perfect" or "near perfect." This indicates that these surgeons are utilizing techniques capable of achieving excellence even with the most severe of cases.
We have translated the data presented here into a guide for quality control for aesthetic outcomes after cleft lip surgery (Fig. 6 ). Utilizing the methodology presented, all cases are evaluated by 3 layperson evaluators. All final scores falling within 1 SD of the average for a given cleft severity are classified as "good." All final scores falling more than 1 SD above the average are termed "excellent," and scores falling more than 1 SD below the average are termed "needs improvement." Surgeons performing at the top of the curves are being identified to learn from their techniques and to utilize them as surgical educators. Surgeons receiving scores at the lower end of the curves ("need improvement") are directed to educational resources and opportunities for additional training.
Our study is limited by several factors, including the nature of providing care to patients in a resource-limited setting. Patient follow-up is often more difficult in these settings, and thus our analysis of aesthetic outcomes is limited to early results. It is not clear how these results will translate into medium and long-term aesthetic outcomes, and further efforts will be required to improve the longitudinal scope of this research. The UCL CSI was used to classify preoperative severity and the UCL SOE was used to score postoperative outcome. Although these scales have been validated in previous studies, human evaluations are inherently prone to inconsistency and inaccuracy. Our methodology utilizes 3 reviewers to grade each case, and the large volume of 1,823 patients is intended to largely overcome these limitations, though no system using human evaluators is perfect. Also, despite the large number of patients evaluated, our outcomes tool was not able to detect statistically significant differences in scores for patients with grade 3 and grade 4 severity. We suspect that with even larger cohorts, we will be able to detect differences between these higher severity groups.
Continued evaluation of aesthetic outcomes on a large scale will pave the way for research that evaluates and compares various surgeons, centers, techniques, and protocols. These tools have additional value to track patient results through time and also to monitor surgical development during training and practice. The ability to objectively measure UCL/N surgical outcomes will provide insight into the factors that contribute to differences in outcomes among patients of similar initial severity, allowing identification of best practices that lead to superior results. This should also allow for development of an algorithmic approach to repair, employing specific maneuvers proven to best correct anatomic irregularities across the spectrum of cleft severity. Our goal is that over time, outcomes curves based around each cleft severity will shift toward higher median scores with more narrow distribution of results, translating to better outcomes for patients.
In conclusion, this study has achieved a standardized, timely, and cost-effective evaluation of 1,823 surgical cases of primary UCL/N repair. This data set provides a normal distribution of aesthetic results according to initial cleft severity and defines a standard of "expected" aesthetic results after primary UCL/N repair. Our results also show a clear correlation between initial severity and immediate aesthetic result after surgery, though we also show that excellent results are possible regardless of initial cleft severity. Fig. 6 . Scoring and quality improvement strategy using the cleft lip severity index and surgical outcomes evaluation scale. Surgeons who average greater than 1 SD above the mean after controlling for the severity of cases are recruited to provide additional training or assistance to surgeons who average less than 1 SD below the mean.
